Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.
Sea level:
In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929, formerly called "Sea-Level Datum of 1929"), which is derived from a general adjustment of the first-order leveling networks of the United States and Canada.
INTRODUCTION
In the early 1980's, national headlines announced that selenium carried by irrigation drain water was causing mortality, congenital deformities, and reproductive failure in waterfowl at Kesterson National Wildlife Refuge, western San Joaquin Valley, Calif. The National Irrigation Water Quality Program (NIWQP) of the U.S. Department of the Interior (DOI) was created in October 1985 after the U.S. Congress and environmental groups expressed concern that irrigation-induced contamination of water and biota might occur elsewhere in the Western United States. From 1986 From to 1993 areas in the Western United States ( fig. 1 , table 1) were investigated to determine the existence, magnitude, and causes of contamination related to irrigation drainage in these areas.
Preliminary analysis of results from the NIWQP studies showed that many of the sites that exhibit irrigation-induced water-quality problems have common geologic, hydrologic, and climatic characteristics (Sylvester and others, 1988) . The National Research Council reviewed the NIWQP (National Research Council, 1991) and suggested the need for systems analysis to identify and address the linkages among these characteristics.
In 1992, the DOI began a 5-year data-synthesis project to assess data collected by the completed and ongoing NIWQP investigations. The overall objective of the data-synthesis project was to identify commonalities of the 26 NIWQP study areas and dominant biologic, geologic, climatic, chemical, and physiographic factors that result in contamination of water and biota in irrigated areas of the Western United States. A key step in the data-synthesis project was the construction of a relational data base to organize the data collected during the NIWQP investigations. The Ingres data-base management system (hereafter referred to as Ingres data base) was chosen because it is relational and uses the American National Standards Institute (ANSI) standard structured query language (SQL).
The NIWQP data base has been made available for scientists using different types of computer systems. SQL was chosen to disseminate the data base because applications written in SQL are portable to many hardware platforms and will be for many years to come. The NIWQP data base also is available to individuals using personal-computer (PC) data-base management systems that may or may not support SQL. Although the data-synthesis team did not use dBase III for data analysis, dBase III files were chosen to disseminate the data base because most PC data-base management systems can read dBase III files, and because utilities were available to create the dBase III files.
PURPOSE AND SCOPE
This report describes the structure and content of the NIWQP data base, provides a data dictionary and describes how the data base was built and quality assured. The report does not include an analysis of the data contained in the data base but does include a brief summary of the types and numbers of analyses in the data base and a discussion of bias in the data base. The report also provides a list of published sources of data used to create the data base.
CONTENTS OF DATA BASE
The data base contains chemical analyses of samples that were collected as part of NIWQP investigations. The information used to construct the data base was derived primarily from the reports listed in table 1. Physiographic and cultural data that describe the study areas and individual data-collection sites and some water and biological data that were not collected as part of a NIWQP investigation also were included in the NIWQP data base. (An attribute in the data base indicates which samples were collected as part of NIWQP investigations.)
Some samples from NIWQP sampling sites have been collected and analyzed by the U.S. Geological Survey (USGS) as part of other programs. For sites used by NIWQP investigators, all water analyses made by the USGS during the period 1986 through 1993 were included in the data base regardless of whether they were collected as part of the NIWQP or for another program. These additional data were entered in the NIWQP data base exactly as retrieved from the National Water Information System (NWIS) data base.
The NIWQP data base contains more than 30 attributes for physiographic, geologic, hydrologic, climatological, agricultural, chemical, and cultural data (app. A) that collectively describe each of the 26 study areas. More than 440 attributes store values for concentrations of chemicals in water, bottom sediment, and biota. Samples for chemical analysis of water and (or) bottom sediment were collected at 1,264 data-collection sites in 14 Western States. Of these 1,264 sites, 705 were river, stream, canal, or surface-drain sites, 348 were ground-water sites, and 211 were lake or pond sites. Also, 130 of the 1,264 are reference sites, and the remainder are sites affected in some way by irrigation drainage.
The data base includes 6,903 chemical analyses of surface water; of these 6,903 analyses, 1,661 include all major constituents, and most of these 1,661 also include trace elements. Some specific contaminants are represented by thousands of analyses, for instance, the data base contains 2,507 analyses of dissolved selenium and 545 analyses of total selenium. Also included are more than 100 analyses of organochlorine pesticides such as dichloro-diphenyl-trichloroethane (DDT) in water and almost 200 analyses of herbicides such as 2,4 dichlorophenoxyacetic acid (240). Analyses of nutrients include 1,408 for nitrate and 562 for phosphate.
Inorganic constituents in bottom sediment are represented by 707 analyses of samples collected at 324 sites. Although for some study areas only one size fraction was analyzed, typically, both fine (less than 0.062 mm) and coarse (less than 2-millimeter) fractions were analyzed. The data base also includes 223 analyses for organochlorine pesticides such as DDT and 36 analyses for organophosphates such as parathion in bottom sediments.
Inorganic constituents in biota are represented by 8,217 analyses, including 2,410 from fish tissue, 751 from invertebrate tissue, and 1,086 from plant material. The data base contains 3,913 analyses of bird tissue, of which 1,235 are of bird livers and 2,051 are of bird eggs. Also included are a few analyses of periphyton and of tissues from reptiles, amphibians, and mammals.
Data-Base Bias
The NIWQP data base is biased in three ways that preclude its use for calculating baseline conditions in the Western United States:
1. Study areas were selected because of their potential to have irrigation-induced waterquality problems. Those study areas that were contaminated were further investigated. This approach results in a bias toward contaminated samples.
2.
Within each study area, the sampling sites were not selected randomly. In some areas, many of the sampling sites were selected along main channels of large rivers because of the availability of historical data for these sites. This approach results in a bias toward uncontaminated samples in some areas because contaminants in main-channel sites tend to be more diluted. In other areas, many sites were selected for complete chemical analyses after field measurements indicated that they likely were contaminated. This approach results in a bias toward contaminated samples in other areas.
3.
Within a study area, not all sites were sampled at the same frequency. During processoriented investigations, typically the most contaminated sites were sampled more frequently than the least contaminated sites. This approach results in a bias toward contaminated samples.
STRUCTURE OF DATA BASE Data Structure
The data base was designed so that relations among contaminant concentrations in water, bottom sediment, and biota can be explored. A diagram of the data structure of the NIWQP data base and the relations between the tables is shown in figure 2. Names of attributes and of tables shown in the diagram are explained in appendix A.
The AREA table within the data base contains information describing the 26 NIWQP study areas and associated subareas. For a given study area, the data in the table include amounts of evaporation and precipitation, general information about the geology and hydrology, the principal crop, and the amount of irrigated land.
The tables are linked by several key attributes ( fig. 2) . The AREA table is linked to the SITE table by the "area" and "sub_area" attributes, and in turn, the SITE table is linked to the other tables (in different matrix groups) by the "site_id" attribute. The SITE table contains all the primary site information, including the geographic location, the type of site, and whether the site is a reference site or is in or downstream from irrigated lands.
The tabulated chemical data are classified by type of sample matrix: water, bottom sediment, or biota. These matrix groups are cross-referenced by the linking attribute "site_id." Additionally, in the tables containing chemical data from water samples, splits of the same sample are linked through the "site_id," "samp_date," "samp_time," and "matrix" attributes.
The following tables (app. A) contain chemical data and related information from analyses of water samples:
• FIELD -Time-dependent data collected during the site visit (for example, pH and specific conductance) and corresponding laboratory values. Also contains metadata concerning the sampling and analysis and includes linking attributes that connect it to the SITE table ("site_id") and to other tables within the same matrix group ("matrix");
• INORG -Time-dependent data on inorganic chemicals and physical parameters measured in the laboratory (for example, major ions and filtered and total trace elements);
• ISOTOPE -Time-dependent data on stable and radioactive isotopes (for example, deuterium, tritium, and gross alpha and beta radioactivity);
• NUTRIENT -Time-dependent data on nutrients (for example, biochemical oxygen demand, nitrogen, and orthophosphate);
• ORG -Time-dependent data on organic chemicals (principally pesticides); and
• SEDIMENT -Time-dependent chemical data and physical characteristics of sediment (for example, suspended arsenic, suspendedsediment fall diameter, and suspended-sediment discharge). It is likely, however, that bottom-sediment samples collected from the same location on the same date represent the same environmental matrix and could be joined using the "site_id" and "samp_date" attributes.
EXPLANATION

Linking attribute
Data
The following tables contain chemical data from analyses of biological samples and related information:
• INORGBIO -Time-dependent data on inorganic constituents in biological samples (for example, species, tissue, moisture content, and trace-element concentrations); and
• ORGBIO -Time-dependent data on organic constituents (principally pesticides) in biological samples (for example, species, tissue, moisture content, and DDT).
The INORGBIO and ORGBIO tables are not linked to each other because the analyses may not be of the same organism even if the species, tissues, dates, and locations of sample collection are the same.
The table TAXON provides information about the taxonomic classification of biological samples represented in the data base. In the INORGBIO and ORGBIO tables, biological samples are classified by the common name most frequently used in the NIWQP reports. The TAXON table is not linked to other tables and has only one attribute in common with the other tables. The attribute "niwqp_name" in the TAXON table relates scientific and common names to the common name "species" used in the INORGBIO and ORGBIO tables.
Data Dictionary and Discussion of Attributes
A data dictionary (apps. A and B) was created to describe the NIWQP data base. The dictionary provides a complete inventory of the data attributes and their characteristics and definitions. It also functions as a directory to show the location and format of the data-to help the user access the information in the data base.
To the extent possible, attributes were given descriptive names. However, in one of the programming languages used to create the data base, attribute names could not exceed 16 characters and this limitation carried over into the SQL data bases. This limitation resulted in cryptic names for some organic chemicals. Attribute names for inorganic constituents are based on their chemical symbols. Notable exceptions are some of the attributes involving arsenic and dissolved oxygen (for example, "ars" and "dox") because "AS" and "DO" are key words reserved by SQL.
For bottom-sediment and biotic samples, the attribute names end in "_bm" and "_bio," respectively, to indicate the matrix (for example, selenium in bottom sediment is "se_bm," and selenium in biological material, "se_bio"). Matrix for water samples is not indicated in the attribute names. (Total-selenium concentrations in water are "se_t"; filtered-selenium concentrations in water are simply "se.") Although not listed in appendix A, a "remarks" attribute of character-type is associated with almost every listed attribute. This attribute of length one indicates if the value for the associated attribute is less than the method reporting limit by the code "<." The naming convention for such remarks attributes is to add the suffix "_r" to the name of the attribute with which it is associated.
DATA SOURCES AND RETRIEVAL
The NIWQP data base was created by gathering data from published reports (table 1), digital data bases, and analytical-laboratory data sheets for biological samples. After retrieval, the data were stored in P-STAT (P-Stat Inc., 1990) files on a Prime minicomputer at the USGS office in Carson City, Nev. P-STAT is an interactive computing system for files management, data modification, and statistical analysis. The data were manipulated and prepared using P-STAT before being imported into the Ingres data base on Data General workstations. Tables   Data describing the 26 study areas for the AREA  table were obtained from published reports (table 1) or directly from knowledgeable study-team members who had investigated an area. Geology and free-watersurface evaporation-rates data were obtained by plotting the locations of the data-collection sites on appropriate thematic maps of the United States (King and Beikman, 1974; Farnsworth and others, 1982) . Values for the derived attributes were determined from National, rather than local, maps to maintain consistency among the 26 study areas. An American Standard Code for Interface Exchange (ASCII) file containing the data was created by using a text editor and was imported into a P-STAT file on the USGS Prime computer.
Area and Site
Data describing the individual data-collection sites for the SITE table were obtained from published reports, from the USGS NWIS data-base site files, and directly from study-team members. Lists of unique site-identification numbers for the data-collection sites were obtained from the published reports or from the USGS team leader of each investigation. Site data, such as altitude, latitude, longitude, and site name, were retrieved from NWIS files, if available. For bottomsediment sites without NWIS data, the site data were obtained from published reports.
Water and Bottom-Sediment Tables
Chemical data for water samples (FIELD, INORG, ISOTOPE, NUTRIENT, SEDIMENT, and ORG tables) and pesticide data for bottom-sediment samples (ORGBM table) were obtained from the NWIS data base. All chemical analyses made from 1986 to the date of the final retrieval were obtained from lists of unique site-identification numbers for the data-collection sites.
Inorganic-chemical data for bottom sediment (INORGBM) were obtained from Severson and others (1987) , Harms and others (1990) and Stewart and others (1992) . Although the data are stored in USGS data bases, it was impractical to transfer some of the data electronically. ASCII data files were created from tables in the two earlier reports by scanning the published data and applying optical-character-recognition software to the resulting files. Data from Stewart and others (1992) were uploaded directly from the floppy disk provided with the report. Some unpublished USGS data (R.C. Severson, U.S. Geological Survey, written commun., 1994) provided directly to the authors as ASCII files on floppy disk were imported into P-STAT files.
Biological Tables
Chemical data for biological samples (INORG-BIO and ORGBIO tables) were obtained directly from the analytical-laboratory data sheets and entered into a spreadsheet on a PC. Although much of the data were available in PC-based spreadsheets and data bases at individual U.S. Fish and Wildlife Service (USFWS) field offices, obtaining the data from analytical-laboratory data sheets expedited importing the data into the Ingres data base and subsequent quality assurance of the data. Because the order of analyses and variables in data from the USFWS field offices did not match the order on the laboratory data sheets, data transfer and quality assurance were slow. Converting the field spreadsheets and data bases to a consistent format for input into the NIWQP data base was particularly labor intensive.
MANIPULATION OF DATA
After chemical data for water, bottom sediment, and biota were gathered from the various sources, they were manipulated on the USGS Prime minicomputer using P-STAT software. Data manipulation involved organizing the attributes, correcting errors in the NIWQP data, and preparing the data for creation of the Ingres data base. Duplicate analyses or empty records retrieved from the NWIS data base were deleted from the NIWQP data base.
Attributes were added to the data base, given descriptive names, and ordered. Variables added to the data base included those describing the data-collection sites (attributes "area," "sub_area," "source," "background") and those describing individual analyses ("doi," "qaqc"). Chemical attributes in the NWIS data base are identified only by nondescriptive numbers called parameter codes; in the NIWQP data base, all attributes are identified by descriptive names and are ordered by name and grouped by type (trace elements, isotopes, pesticides, etc.).
In the NWIS data base, analytes from different matrices can be combined under one analysis. For example, pesticides in bottom sediment can be in the same analysis as trace elements in water. For the NIWQP data base, analyses that combined analytes from different matrices were manipulated so that each record represents only one matrix.
In the NWIS data base, some replicate analyses are not identified as being quality-assurance samples. Instead, sample times were used to differentiate replicate quality-assurance samples. Some analyses in the NWIS data base contain some values that represent duplicates and some that do not. For the NIWQP data base, when duplicate or triplicate sets of analyses were identified, the first analysis in time was classified as the environmental sample and the others as quality-assurance samples. Analytes that were not replicated in both samples were moved from the quality-assurance sample to the environmental sample in the NIWQP data base.
SQL command files were written to create Ingres tables and read ASCII data files to populate them.
DATA-BASE QUALITY-ASSURANCE PROCEDURES
The NIWQP data base was checked carefully to assure that all analyses in the published reports (table 1) were included in the data base. Data also were checked to ensure that retrieval and manipulation of the data had not introduced errors, especially systematic errors. In one case, for example, data manipulation had resulted in the loss of "<" symbols. Errors discovered during quality assurance were investigated and corrected. The causes of systematic errors were identified and eliminated, and all affected analyses rechecked and corrected if needed.
As part of the quality-assurance procedures, NIWQP data values also were checked to ensure that they matched published values. If errors so identified were small and within a few percent of each other, the values in the NIWQP data base were corrected to match the values in the NWIS data base, the USGS data reports, and the USFWS analytical-laboratory data sheets. For larger differences, the senior author of the published data report (table 1) was contacted and the reasons for the discrepancy were investigated. For the NIWQP data base, all differences between published data reports and the source data bases were considered to be the result of transcription error or typographic errors introduced during subsequent word processing. In cases where the NWIS data base was in error, the value in the NWIS data base was corrected. It was the responsibility of the authors of the individual studyarea reports and the analytical laboratories to update the NWIS data base as well as the data reports if errors were found.
Water Data
For each NIWQP study area, 20 percent of the water-quality analyses were verified completely against the published data reports. For a given area, every fifth analysis was selected systematically for verification. All data in the NIWQP data base for the selected analyses were compared with the corresponding published values.
Not all data collected during the NIWQP investigations were published, and therefore some of the data in the NIWQP data base could not be checked against published reports. Examples of unpublished data include some analytical results in which all the values were less than the analytical reporting limit. Additionally, some field values for water samples were not published if the principal reason for the site visit was collection of bottom sediment.
Agreement between data in the NWIS and NIWQP data bases and the published reports is very good. For example, when more than 2,000 individual data values from analyses of 93 samples from the Stillwater Wildlife Management Area (Nevada) were checked, only 5 discrepancies were found. In the San Juan River area (New Mexico), only 1 discrepancy was found in more than 400 individual values for 11 samples. The reason for the good match is probably that, for most of the published data reports, the water-quality tables were essentially data dumps from NWIS that received only minimal word processing. Many of the discrepancies were related to word-processing errors and insufficient verification. For example, the negative sign in δD and δ
18 O values had been converted to "<" symbols in one of the data reports on the Kendrick Reclamation Project (Wyoming).
Bottom-Sediment Data
Because relatively few analyses of bottom sediment were done, all values for selenium, arsenic, and molybdenum in the <0.062 fraction were checked against published values. In addition, all constituents were checked in two randomly chosen analyses from each study area. If these checks revealed a disproportionately high number of errors in a study area then all values for all analyses from that study area were checked.
In a small number of cases, values in the NIWQP data base and reports from the analytical laboratory did not match values in the later published NIWQP reports. In these cases, values from the reports from the analytical laboratory were used. Tables in those reports were considered more reliable than those in the NIWQP reports because they are essentially data dumps from the USGS analytical-laboratory data base. Usually the errors were minor and involved differences in rounding or missing "<" symbols. In one case, however, significant errors were found in a published source: The values for several elements were scrambled during word processing of the San Juan River area (New Mexico) report (Blanchard and others, 1993) .
Biological Data
As discussed in the section "Biological Tables," the biological data in the NIWQP data base were retrieved from the original laboratory reports. Those reports were checked for agreement with published data reports (table 1), for accuracy of wet-weight to dry-weight conversions, for sampling dates (if not reported in published reports), and, in some cases, to verify the taxonomic identification of individual samples. After data from each original laboratory report were entered into the master spreadsheet and made to conform to uniform conventions for data rounding and the reporting of values below detection limits, each analytical value was verified individually for keypadentry errors by other members of the data-entry team. Thus, each datum entry ultimately was reviewed for accuracy by no fewer than three people.
DISSEMINATION
The NIWQP data base is static and is not being updated as new results from ongoing NIWQP investigations become available. The data base is available as a set of Microsoft Access files and as a set of SQL commands and associated ASCII data files from the NIWQP home-page on the World Wide Web <http://www.usbr.gov/niwqp>. 
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